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Description 
SURFACE ACOUSTIC WAVE FILTER 

Technical Field 

The present invention relates to a surface acoustic wave 
filter mainly used for a mobile phone and the like. 

Background Art 

A surface acoustic wave filter (hereinafter, referred 
to as SAW filter) is used for a mobile phone and the like to 
select nothing but a required frequency band . In the SAW filter , 
it is required to widen the pass bandwidth, to increase 
suppression capability and to reduce insertion loss. With 
respect to such requirements, a structure of a ladder-type SAW 
filter in which a normal bandwidth is widened, insertion loss 
is reduced and suppression capability other than the normal 
bandwidth is increased is shown in JP-A-5-183380 . According 
to this, a first surface acoustic wave resonator with a pair 
of terminals having a prescribed resonant frequency is arranged 
in a parallel arm, and a second surface acoustic wave resonator 
with a pair of terminals having a resonant frequency which almost 
corresponds to an anti-resonant frequency of the first resonator 
is arranged in a series arm. Further,, a structure that an 
inductance is added in series to the first surface acoustic 
wave resonator is also disclosed. 
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Not only the above structure but also a various kinds 
of structures for realizing a better filter characteristic are 
proposed and put into practical use. 

SAW filter 200 having a structure shown in Fig. 14 is 
5 generally used in many cases. SAW filter 200 shown in Fig. 
14 includes three surface acoustic wave resonators in series 
arms 204, 212, 220 and two surface acoustic wave resonators 
in parallel arms 228, 236 formed on piezoelectric substrate 
202, and a prescribed filter characteristic is obtained by 
10 connecting these resonators. Specifically, surface acoustic 
wave resonators in series arms 204 , 212, 220 respectively include 
interdigital transducer electrodes (hereinafter, referred to 
as IDT electrodes) 206, 214, 222 and reflector electrodes 208, 
210, 216, 218, 224, 2 26 disposed at both sides . Surf ace acoustic 
15 wave resonators in parallel arms 228, 236 also include IDT 
electrodes 230, 238 and reflector electrodes 232, 234, 240, 
24 2 disposed at both sides respectively . Three surface acoustic 
wave resonators in series arms 204, 212, 220 are connected in 
series through first connecting wirings 242, 244. Surface 
20 acoustic wave resonators in parallel arm 228, 236 are connected 
to second connecting wirings 246, 248 connecting to first 
connecting wirings 242, 244, and the other sides are connected 
to ground 250. Further, surface acoustic wave resonators 204, 
220 disposed at outer sides respectively in three surface 
25 acoustic wave resonators 204, 212, 220 in series arms are 
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connected to input terminal 252 and output terminal 254. 

According to the structure, SAW filter 200 having the 
prescribed characteristic can be realized. However, in order 
to increase out -of -band attenuation in the structure, it is 
5 required to increase the number of surface acoustic resonators . 
For the purpose, the chip size has to be increased. 

The invention solves the conventional problems, and an 
object thereof is to provide a SAW filter that can be miniaturized 
while having a high attenuation characteristic. 

10 

Disclosure of the Invention 

In order to achieve the above object, the invention 
comprising the following structures. 

A saw filter of the invention has a piezoelectric substrate , 
15 plural numbers of IDT electrodes arranged on a surface of the 
piezoelectric substrate as well as on a first surface acoustic 
wave propagation path, reflector electrodes arranged at least 
at both ends of a first electrode pattern formed including the 
plural IDT electrodes , one or more IDT electrodes arranged on 
20 the surface of the piezoelectric substrate as well as on a second 
surface acoustic wave propagation path which is different from 
the first surface acoustic wave propagation path and reflector 
electrodes arranged at least at both sides of a second electrode 
pattern formed including the IDT electrode, in which the IDT 
25 electrodes on the first surface acoustic wave propagation path 
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are electrically connected in series by connecting wirings and 
the IDT electrode on the second surface acoustic wave propagation 
path is connected between the connecting wirings and the ground, 
which are arranged between the first electrode pattern and the 
5 second electrode pattern. 

According to this, it can be a structure in which plural 
numbers of resonators arranged in series are integrated, 
therefore, the chip size can be made small while securing a 
good characteristic as a SAW filter, 

10 In the SAW filter of the invention, at least one surface 

acoustic wave resonator can be formed by the IDT electrode 
arranged on the second surface acoustic wave propagation path 
and reflector electrodes arranged at least at both ends of the 
second electrode pattern formed including the IDT electrode. 

15 The SAW filter of the invention can be a structure in 

which ones of terminals of plural IDT electrodes arranged on 
the second surface acoustic wave propagation path are connected 
to the ground, and the others of terminals are connected to 
different connecting wirings respectively. 

20 In the SAW filter of the invention having the above 

structure, the plural IDT electrodes disposed on the first 
surface acoustic wave propagation path and electrically 
connected in series can be arranged so that phases of adjacent 
IDT electrodes are opposite to each other. 

2 5 In the SAW filter of the invention having the above 
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structure, a reflector electrode can be provided between IDT 
electrodes of the first electrode pattern formed arranging 
further plural IDT electrodes. 

In the SAW filter of the invention , the reflector electrode 
5 provided between the IDT electrodes of the first electrode 
pattern can be connected to the ground. 

In the SAW filter of the invention, the IDT electrodes 
of the first electrode pattern can be electrically connected 
in series through the reflector electrode. 

10 In the SAW electrode of the invention, in the first 

electrode pattern, adjacent IDT electrodes can be arranged so 
that phases thereof are same to each other. 

A SAW filter of the invention forms surface acoustic wave 
resonators including a piezoelectric substrate, plural numbers 

15 of IDT electrodes arranged on a surface of the piezoelectric 
substrate as well as on a first surface acoustic wave propagation 
path, reflector electrodes arranged at least at both ends of 
a first electrode pattern formed including the plural IDT 
electrodes , one or more IDT electrodes arranged on a surface 

20 of the piezoelectric substrate as well as on a second surface 
acoustic wave propagation path which is different from the first 
surface acoustic wave propagation path and reflector electrodes 
arranged at least at both ends of a second electrode pattern 
formed including the IDT electrode, in which ones of terminals 

25 in the IDT electrodes of the first electrode pattern are 
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respectively connected to the ground , and the others of terminals 
are connected to different terminals of the surface acoustic 
wave resonator. 

According to this , the plural numbers of surface acoustic 
5 wave resonators (hereinafter, referred to as resonators) 
arranged in parallel can be integrated, the characteristic as 
a SAW filter can be maintained to approximately the same degree 
or further improved, and the chip size can be made small. 

As described above, the SAW filter of the invention has 
10 the structure in which plural resonators are integrated, 
therefore, even when a SAW filter having a high-attenuation 
characteristic which requires a lot of resonators, the chip 
size can be made small to provide a low- cost SAW filter. 

15 Brief Description of the Drawings 

Fig. 1 is a plan view showing an electrode structure of 
a SAW filter on a piezoelectric substrate according to a first 
embodiment of the invention; 

Fig. 2 is a plan view showing an electrode structure of 
20 a SAW filter according to a second embodiment of the invention; 

Fig. 3 is a plan view showing an electrode structure of 
a SAW filter according to a third embodiment of the invention; 

Fig. 4 is a plan view showing an electrode structure of 
a SAW filter according to a fourth embodiment of the invention; 
25 Fig. 5 is a plan view showing an electrode structure of 
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a SAW filter according to a fifth embodiment of the invention; 

Fig. 6A is a block diagram showing a filter structure 
fabricated for measuring a characteristic of the SAW filter 
of the invention; 
5 Fig . 6B is a block diagram showing another filter structure 

fabricated for measuring a characteristic of the SAW filter 
of the invention; 

Fig. 7 is a graph showing a result of measuring the 
characteristic of the filter structure shown in Fig. 6A; 
10 Fig. 8 is a graph showing a result of measuring the 

characteristic of the filter structure shown in Fig. 6B; 

Fig. 9 is a graph showing a result of measuring the 
characteristic of a SAW filter having a conventional structure. 

Fig. 10 is a block diagram showing further another filter 
15 structure fabricated for measuring a characteristic of the SAW 
filter of the invention; 

Fig. 11 is a graph showing a result of measuring the 
characteristic when phases of IDT electrodes on a second surface 
acoustic wave propagation path are same in the filter structure 
20 shown in Fig. 10; 

Fig. 12 is a graph showing a result of measuring a 
characteristic when phases of IDT electrodes on the second 
surface acoustic wave propagation path are opposite in the filter 
structure shown in Fig. 10; 
25 Fig. 13 is a graph showing a result of measuring a 
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characteristic when two resonators having a ladder- structure 
are formed by IDT electrodes and reflector electrodes provided 
on the second surface acoustic wave propagation path in the 
filter structure shown in Fig. 10; and 
5 Fig. 14 is a view showing a conventional SAW filter having 

a conventional ladder- structure . 

Best Mode for Carrying Out the Invention 

Hereinafter, embodiments of the invention will be 

10 explained in detail with reference to the drawings . Since same 
marks are put to the same components, explanations thereof are 
omitted in some cases. 
( First Embodiment ) 

Fig. 1 is a plan view showing an electrode structure of 

15 SAW filter 10 on piezoelectric substrate 11 according to a first 
embodiment of the invention. SAW filter 10 of the embodiment 
has the following structure. Two IDT electrodes 12, 13 are 
arranged so as to be adjacent to each other on a surface of 
piezoelectric substrate 11 as well as on a first surface acoustic 

20 wave propagation path to form a first electrode pattern. 
Reflector electrodes 14, 15 are disposed at both ends of the 
first electrode pattern having the IDT electrodes 12, 13. 

IDT electrode 16 is disposed on the surface of the same 
piezoelectric substrate 11 as well as on a second surface 

25 acoustic wave propagation path which is different from the first 



8 



surface acoustic wave propagation path, and reflector 
electrodes 17 , 18 are arranged at both ends thereof. In the 
embodiment, IDT electrode 16 and reflector electrodes 17, 18 
on the second surface acoustic wave propagation path form one 
5 resonator 24 . 

Further, as shown in the drawing, respective ones of 
terminals of IDT electrodes 12, 13 on the first surface acoustic 
wave propagation path are electrically connected in series by 
connecting wirings 19, The others of terminals thereof are 

10 respectively connected to input terminal 21 and output terminal 
22. According to this, on the first surface acoustic wave 
propagation path, two IDT electrodes 12, 13 and two reflector 
electrodes 14, 15 substantially forms two resonators. IDT 
electrode 16 arranged on the second surface acoustic wave 

15 propagation path is connected between connecting wirings 19 
and ground 20. Namely, in the embodiment, resonator 24 is 
connected between connecting wirings 19 and ground 20. 

According to the above structure, three-resonators are 
required to be formed when forming by the conventional 

20 ladder- type, however, the above structure can be formed by the 
area corresponding to almost two resonators of the conventional 
structure. Therefore the chip size can be miniaturized. 

An example of a specific structure of SAW filter 10 of 
the invention will be explained as follows. As piezoelectric 

25 substrate 11, a piezoelectric substrate having a predetermined 
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cut-angle such as a lithium niobate (LiNb0 3 ) single crystal 
substrate or a lithium tantalate (LiTa0 3 ) single crystal 
substrate. In the following specific example, a 36°Y-cut X 
propagation lithium tantalate (LiTa0 3 ) single crystal substrate 
5 is used as piezoelectric substrate 11 . After an electrode film 
in which copper is doped into aluminum is formed to have a film 
thickness of 400nm on piezoelectric substrate 11, prescribed 
shapes as IDT electrodes and reflector electrodes and the like 
are fabricated by a photolithography process and an etching 

10 process . The first electrode pattern is arranged on the surface 
of the piezoelectric substrate as well as on the first surface 
acoustic wave propagation path, and in IDT electrodes 12 r 13 
included in the first electrode pattern, the electrode finger 
pitch of comb-shaped electrodes is 2.34\xm, which are 70 pairs 

15 respectively, A gap between two IDT electrodes 12 , 13isl.l7jxm. 
The electrode finger pitch of reflector electrodes 14, 15 is 
2 . 40\im, the number of electrode fingers is 50 . A gap made between 
reflector electrode 14 and IDT electrode 12 and gaps made between 
reflector electrode 15 and IDT electrode 13 are respectively 

20 1.17jxm. 

In surface acoustic wave resonator 24 connected between 
connecting wirings 19 and ground 20, the electrode finger pitch 
of comb- shaped electrodes included in IDT electrode 16 is 2 . 44jxm, 
the number of pairs of which is 80 pairs. Both ends thereof, 
25 are provided with reflector electrodes 17, 18, where the 
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electrode finger pitch of which is 2.50jxm and the number of 
electrode finger is 50 . 

Connecting wirings 19 can be simultaneously fabricated 
when IDT electrodes 12, 13, 16 and reflector electrodes 14, 
5 15 17, 18 are formed by the photolithography process and the 
etching process. Further, in order to reduce the resistance 
of connection wirings 19, a reinforcing electrode film can be 
formed on the electrode thin film. 

In two IDT electrodes 12 , 13 of the first electrode pattern , 

10 the ripple can be reduced by making their phases the reverse 
of each other. Whereas, when making the phases same to each 
other, the electrodes tend to interfere with each other and 
the ripple is rather increased , but loss can be reduced . 
Therefore, it is preferable to use the phase depending on design 

15 for realizing a characteristic of each target. 

In the embodiment, two IDT electrodes are arranged on 
the first surface acoustic wave propagation path, and one IDT 
electrode is arranged on the second surface acoustic wave 
propagation path, however, the invention is not limited to this . 

20 For example, three or more IDT electrodes can be provided on 
the first surface acoustic wave propagation path, and two or 
more IDT electrodes can be provided on the second surface 
acoustic wave propagation path. In this case, reflector 
electrodes can be provided between IDT electrodes . 

25 (Second Embodiment) 
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Hereinafter, SAW filter 30 according to a second 
embodiment of the invention will be explained with reference 
to Fig. 2. As shown in Fig. 2, SAW filter 30 of the embodiment 
differs from SAW filter 10 of the first embodiment in the 
5 following point. Namely, in the embodiment, reflector 
electrode 32 is provided between two IDT electrodes 12, 13 
included in a first electrode pattern on a first surface acoustic 
wave propagation path. 

An example of a specific structure in Fig. 2 will be 

10 explained. In the example of the specific structure explained 
in the first embodiment, reflector electrode 32 of which 
electrode finger pitch is 2.40nm and of which the number of 
electrode fingers is 10 is arranged between two IDT electrodes 
12, 13 included in the first electrode pattern. Respective 

15 gaps made between reflector electrode 32 and IDT electrodes 
12, 13 are, for example, 1.17^un. 

By providing reflector electrode 32 between two IDT 
electrodes 12, 13, the stray capacitance can be reduced and 
the attenuation in a high-frequency side can be prevented from 

20 deteriorating . The ripple can be reduced as reflector electrode 
32 is provided, even when making the phases of two IDT electrodes 
12, 13 same to each other. 

The number of electrodes in reflector electrode 3 2 provided 
between IDT electrodes 12, 13 is required to be large to reduce 
25 the effect of stray capacitance. However, if there are too 
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many electrodes, the chip size increases, therefore, it is 
preferable that the number of electrodes is smaller than the 
number of electrodes of reflector electrodes 14, 15 provided 
at both ends . 

5 By only arranging reflector electrode 32, the stray 

capacitance can be reduced and the deterioration of attenuation 
in the high-frequency side can be prevented, and when connecting 
to the ground, the effect of preventing the deterioration of 
attenuation further increases, as a result, the characteristic 

10 can be further improved. 

In the embodiment, two IDT electrodes are arranged on 
the first surface acoustic wave propagation path and one IDT 
electrode is arranged on the second surface acoustic wave 
propagation path , however , the invention is not limited to this . 

15 For example, three or more IDT electrodes can be provided on 
the first surface acoustic wave propagation path and two or 
more IDT electrodes can be provided on the second surface 
acoustic wave propagation path, and reflector electrodes can 
be provide between these ITD electrodes. Further, these 

20 reflector electrodes can be connected to the ground. 
(Third Embodiment) 

Fig. 3 is a plan view showing an electrode structure of 
a SAW filter according to a third embodiment of the invention. 
SAW filter 40 of the embodiment has the same structure as SAW 

25 filter 30 of the second embodiment concerning IDT electrodes 
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12, 13, 16 and reflector electrodes 14, 15, 17, 18, 32. However, 
in the embodiment, two IDT electrodes 12, 13 included in a first 
electrode pattern on a first surface acoustic wave propagation 
path are connected in series through reflector electrode 32 
5 by connecting wirings 42 , 44. Resonator 24 is connected between 
connecting wirings 4 2 and ground 20 , which are arranged between 
the first electrode pattern and a second electrode pattern. 

As described above, SAW filter 40 of the embodiment 
connects two IDT electrodes in series through reflector 

10 electrode 32, connecting wirings 42, 44. When thus connecting 
in series through reflector electrode 32, a similar 
characteristic can be obtained. Therefore, a degree of freedom 
in design for connecting IDT electrodes 12, 13 in series can 
be high, including a connecting position to output terminal 

15 2 2 and the like. 

In the embodiment, two IDT electrodes are arranged on 
the first surface acoustic wave propagation path and one IDT 
electrode is arranged on the second surface acoustic wave 
propagation path, however, the invention is not limited to this . 

20 For example, three or more IDT electrodes can be provided on 
the first surface acoustic wave propagation path and two or 
more IDT electrodes can be provided on the second surface 
acoustic wave propagation path, reflector electrodes can be 
provided between these ITD electrodes, and the IDT electrodes 

25 on the first surface acoustic wave propagation path can be 
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connected in series by the reflector electrode and the connecting 
wirings . 

(Fourth Embodiment) 

Fig. 4 is a plan view showing an electrode structure of 
5 SAW filter 50 according to a fourth embodiment of the invention. 
SAW filter 50 of the embodiment is provided with a first electrode 
pattern and reflector electrodes 56, 57 arranged at both ends 
of the first electrode pattern on a first surface acoustic wave 
propagation path. The first electrode pattern includes four 

10 IDT electrodes 51, 52, 53, 54 and two reflector electrodes 58, 
59. As shown in the drawing, these reflector electrodes 58, 
59 are arranged between two IDT electrodes 51, 52 and between 
another two IDT electrodes 53, 54 respectively. 

A second electrode pattern including two IDT electrodes 

15 60, 61 is formed on a second surface acoustic wave propagation 
path which is different from the first surface acoustic wave 
propagation path, and reflector electrodes 62, 63 are arranged 
at both ends of the second electrode pattern. 

Further, four IDT electrodes 51, 52, 53, 54 on the first 

20 surface acoustic wave propagation path are electrically 
connected in series by connecting wirings 64, 65, 66. IDT 
electrodes 60 , 61 on the second surface acoustic wave propagation 
path are connected between connecting wirings 64 , 65 and ground 
20, which are disposed between the first electrode pattern and 

25 the second electrode pattern. In the embodiment, as shown in 
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Fig. 4, IDT electrode 60 is connected to connecting wiring 64 
and ground 20 and another IDT electrode 61 is connected to 
connecting wiring 65 and ground 20. 

Respective ones of terminals of IDT electrodes 51, 54 
5 are respectively connected to input terminal 21 and output 
terminal 22. 

An example of a specific structure of the SAW filter of 
the invention will be explained as follows. In the first 
electrode pattern, the number of pairs of comb -shaped electrodes 

10 as IDT electrodes 51, 54 is 70 pairs, the number of pairs of 
comb-shaped electrodes as IDT electrodes 52, 53 is 60 pairs, 
and the electrode finger pitch of the comb- shaped electrodes 
is 2.34[xm as same as the first embodiment. Further, in IDT 
electrodes 60, 61 of the second electrode pattern , the electrode 

15 finger pitch of comb-shaped electrodes is 2.44pm, which are 
80 pairs respectively, and a gap between IDT electrodes 60, 
61 is 1.22|im. In reflector electrodes 62, 63 arranged at both 
ends thereof , the electrode finger pitch is 2 . 50|mm and the number 
of electrode fingers is 50. Gaps between reflector electrodes 

20 62, 63 and IDT electrodes 60, 61 are respectively 1.20|xm. 

The electrode finger pitch of reflector electrodes 58, 
59 arranged in the first electrode pattern is 2.5^un, and the 
number of electrode fingers is respectively 10. In the 
embodiment , a reflector electrode is not provided between two 

25 IDT electrodes 52, 53 arranged at the center of the first 
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electrode pattern. This is because it has been found that the 
stray capacitance between two IDT electrodes 51,52 as well as 
two IDT electrodes 53 , 54 in the first electrode pattern affects 
the attenuation on a high-frequency side, however, the stray 
5 capacitance between two IDT electrodes 52, 53 at the center 
hardly affect it. However, a reflector electrode can be 
provided between these. A degree of freedom in design can be 
high if providing with the reflector electrode. 

In the conventional ladder- type, the ripple tends to 

10 increase when the number of pairs of comb-shaped electrodes 
in the series -arm resonator is approximately less than 100 pairs . 
In the embodiment, since two IDT electrodes 52, 53 are disposed 
adjacent to each other, the each number of pairs of comb -shaped 
electrodes is 60 pairs, however, a state substantially having 

15 120 pairs is realized, as a result , the ripple can be suppressed . 
Concerning IDT electrodes 51, 54, when the number of electrodes 
of reflector electrodes 58, 59 arranged respectively is made 
to be approximately 10, the effect to the ripple can be reduced, 
and if the number of pairs of comb- shaped electrodes is 

20 approximately 70 pairs, the occurrence of ripple can be almost 
prevented. 

As described above, it was necessary that six resonators 
were formed by the conventional ladder- type structure, however, 
two resonator groups can form the filter in the embodiment. 
25 Consequently, the chip size can be miniaturized without making 
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the SAW filter characteristic deteriorate. 

Reflector electrodes 58 , 59 of the first electrode pattern 
are not connected to the ground, however, they can be connected 
to the ground as described in the second embodiment . 
5 (Fifth Embodiment) 

Fig. 5 is a plan view showing an electrode structure of 
SAW filter 80 according to a fifth embodiment of the invention. 
SAW filter 80 of the embodiment differs from SAW filter 10 shown 
in Fig. 1 in the following point. Namely, in SAW filter 10 

10 of the first embodiment 1, IDT electrodes 12, 13 of the series 
resonators connected to input terminal 21 and output terminal 
22 are provided on a first surface acoustic wave propagation 
path. On the other hand, in SAW filter 80 of the embodiment, 
IDT electrodes 81 , 82 are provided on the first surface acoustic 

15 wave propagation path, ones of terminals of which are connected 
to input terminal 21 and output terminal 22, and others of 
terminals of which are connected to the ground. IDT electrode 

81 on the first surface acoustic wave propagation path is 
connected to reflector electrode 86 on a second surface acoustic 

20 wave propagation path by connecting wiring 88, reflector 
electrode 86 is connected to IDT electrode 85 by connecting 
wiring 90, and further, IDT electrode 85 on the second surface 
acoustic wave propagation path is connected to IDT electrode 

82 on the first surface acoustic wave propagation path by 
25 connecting wiring 89. According to this, two IDT electrodes 
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81, 82 on the first surface acoustic wave propagation path are 
electrically connected in series by connecting wirings 88, 89, 
90 and reflector electrode 86. IDT electrode 85, reflector 
electrodes 86,87 form a resonator on the second surface acoustic 
5 wave propagation path, and two IDT electrodes 81, 82 on a first 
electrode pattern are connected to different terminals of the 
above resonator. 

According to the above structure, it was necessary that 
three resonators are formed in the SAW filter of the conventional 

10 ladder- type structure, however, SAW filter 80 of the invention 
can be formed by the area corresponding to almost two resonators . 
As a result, the chip size can be miniaturized. 

Hereinafter, a specific example of a structure of the 
SAW filter according to the embodiment will be explained. IDT 

15 electrodes 81, 82 are arranged on the first surface acoustic 
wave propagation path on piezoelectric substrate 11 to form 
the first electrode pattern. Reflector electrodes 83, 84 are 
arranged at both ends of the first electrode pattern. In two 
IDT electrodes 81 , 82 , the electrode finger pitch of comb-shaped 

20 electrodes is 2.44jxm, which are 80 pairs respectively. A gap 
between two IDT electrodes 81, 82 is 1.22fxm. Further, in 
reflector electrodes 83 , 84, the electrode finger pitch is 2 . 50|uun, 
and the number of electrodes is 50. A gap between reflector 
electrode 83 and IDT electrode 81 and a gap between reflector 

25 electrode 84 and IDT electrode 82 are respectively 1.20[xm. 
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Further, in IDT electrode 85 on the second surface acoustic 
wave propagation path, the electrode finger pitch of comb- shaped 
electrodes is 2.34jxm, which are 70 pairs. In reflector 
electrodes 86, 87 disposed at both ends of IDT electrode 85, 
5 the electrode finger pitch is 2 . 40fxm, and the number of electrode 
fingers is 50, IDT electrode 85 and reflector electrodes 86, 
87 form a resonator. Input terminal 21 is connected to 
connecting wiring 88 and output terminal 22 is connected to 
connecting wiring 89. 

10 According to the SAW filter structure, the filter can 

be formed by the area corresponding to almost two resonators 
of SAW filter of the conventional ladder- type structure. As 
a result, the chip size can be miniaturized and a SAW filter 
which is low in cost can be realized. 

15 In the embodiment, two IDT electrodes are arranged on 

the first surface acoustic wave propagation path, and one IDT 
electrode is arranged on second surface acoustic wave 
propagation path, however, the invention is not limited to this . 
For example, three or more IDT electrodes can be provided on 

20 the first surface acoustic wave propagation path and two or 
more IDT electrodes can be provided on the second surface 
acoustic wave propagation path. 

Furthermore, the invention is not limited to the 
structures explained in the first embodiment to the fifth 

25 embodiments, and structures having various kinds of IDT 
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electrodes and reflector electrodes can be available. It is 
also preferable that phases of adjacent IDT electrodes can be 
reversed, or can be the same. 

Hereinafter, a specific example of a SAW filter having 
5 a structure which is based on SAW filter 50 according to the 
fourth embodiment and is modified partially will be explained 
concerning the result of measuring filter characteristics. 

Fig. 6A is a block diagram showing a filter structure 
fabricated for measuring a characteristic of the SAW filter 

10 of the invention. In Fig. 6A, IDT electrodes and reflector 
electrodes are shown by block forms to make the explanation 
easy. In SAW filter 70 shown in Fig. 6A, four IDT electrodes 
51, 52, 53, 54 and reflector electrodes 56, 57, 58, 59, 67 are 
respectively arranged at both sides of these IDT electrodes 

15 on the first surface acoustic wave propagation path. IDT 
electrodes 60, 61 and reflector electrodes 62, 63, 68 which 
are arranged at both ends and the center of the IDT electrodes 
are arranged on the second surface acoustic wave propagation 
path. IDT electrodes 51, 52, 53, 54 on the first surf ace acoustic 

20 wave propagation path are electrically connected in series by 
connecting wirings 64, 65, 66. IDT electrode 60 of the second 
surface acoustic wave propagation path is connected to 
connecting wiring 64 and ground 20, and another IDT electrode 
61 is connected to connecting wiring 65 and ground 20. 

25 IDT electrodes 51, 52 have 158 pairs respectively, IDT 
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electrodes 53 , 54 have 216 pairs respectively, and the 
intersecting widths thereof are both 25fxm. The number of 
electrode fingers of reflector electrodes 56, 57 is 30, and 
the number of electrode fingers of reflector electrodes 58, 
5 59, 60 arranged in the first electrode patter is 10. Further, 
IDT electrodes 60, 61 on the second surface acoustic wave 
propagation path have 147 pairs and 263 pairs respectively. 
The number of electrode fingers of reflector electrodes 62, 
63 , 68 is 30 . n y\ " is set to 0 . 52 . A film thickness of electrodes 

10 is approximately 160nm. In the case of SAW filter 70, IDT 
electrodes 51, 52, 53 54 in the first electrode pattern are 
made to be the same phase. 

Fig . 6B is a block diagram showing another filter structure 
fabricated for measuring a characteristic of the SAW filter 

15 of the invention . Also in Fig . 6B , IDT electrodes and reflector 
electrodes are shown by block forms to make the explanation 
easy. SAW filter 7 5 shown in Fig. 6B differs from SAW filter 
70 shown in Fig. 6A in points that a reflector electrode in 
the first electrode pattern is only reflector electrode 67 at 

20 the center, phases of two adjacent IDT electrodes 51, 52 and 
IDT electrodes 53, 54 are made to be reversed, and phases of 
adjacent IDT electrodes 52, 53 through reflector electrode 67 
are made to be same. 

Further, a SAW filter shown in Fig. 14 having the 

25 conventional structure is also fabricated . The number of pairs , 
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the intersecting width and the like are same as the structure 
shown in Fig. 6A and Fig. 6B. 

Measured results of these filter characteristics are 
shown in Fig. 7 , Fig. 8 and Fig. 9. Fig. 7 is a graph showing 
5 a characteristic of SAW filter 70. Fig. 8 is a graph showing 
a characteristic of SAW filter 75. Further, Fig. 9 is a graph 
showing a characteristic of the SAW filter having the 
conventional structure. As can be seen from the drawings, in 
the SAW filter of the conventional structure, insertion loss 

10 at an A-point of a prescribed frequency in a pass band was 1.41 
dB, and insertion loss at a B-point was 1 . 54dB . On the contrary, 
in SAW filter 70, insertion loss at an A-point was 1.37dB and 
insertion loss of at a B-point was 1.33dB. In SAW filter 75, 
insertion loss at the A-point was 1.37dB and insertion loss 

15 of at the B-point was 1.37dB. Consequently, it has been found 
that the SAW filters of the invention can reduce insertion loss 
as compared with the SAW filter of the conventional structure. 
Especially, it has been found that a better characteristic can 
be obtained by providing reflectors between IDT electrodes, 

20 phases of which are made to be the same. SAW filters 
experimentally manufactured in the embodiment is for PCS 
application, in which the frequency at the A point is 1930MHz 
and the frequency at the B-point is 1990MHz. 

As described above, in the SAW filter of the invention, 

25 it has been found that the chip size can be miniaturized and 
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insertion loss can also be reduced. The reason why insertion 
loss can be reduced is presumed as follows. 

Considering the resonance of IDT electrode 51 in SAW filter 
75 shown in Fig. 6B, the electrode finger pitch of IDT electrode 
5 52 works as a reflector electrode having the different electrode 
finger pitch from reflector electrode 56 and the number of 
electrode fingers are larger, therefore, the effective 
resonance length becomes long. As a result, the Q- value of 
reflectors becomes large and insertion loss becomes small when 

10 forming a filter. On the other hand, in SAW filter 70 shown 
in Fig. 6A, by making the phase of IDT electrode 51 same as 
the phase of adjacent IDT electrode 52 , apart of surface acoustic 
wave passed through reflector electrode 58 disposed 
therebetween is propagated as signals, therefore, insertion 

15 loss can be further reduced. 

Next, a result of measuring a characteristic of a SAW 
filter having a structure shown in Fig. 10 will be explained. 
Also in Fig. 10, IDT electrodes and reflector electrodes are 
shown in block forms to make the explanation easy. 

20 SAW filter 100 shown in Fig. 10 is provided with four 

IDT electrodes 51, 52, 53, 54 and reflector electrodes 56, 57 
disposed at both ends thereof andref lector electrode 67 arranged 
between IDT electrodes 52, 53 at the center on the first surface 
acoustic wave propagation path . On the second surface acoustic 

25 wave propagation path, IDT electrodes 60, 61 and reflector 
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electrodes 62 , 63, 68 are provided at the center and both ends. 
IDT electrodes 51, 52, 53, 54 are electrically connected in 
series by connecting wirings 92, 93, 94, 95. IDT electrode 
60 on the second surface acoustic wave propagation path is 
5 connected to connecting wiring 92 and ground 20, and another 
IDT electrode 61 is connected to connecting wiring 93 and ground 
20. 

SAW filter 100 is characterized in that input terminal 
21 is connected to connecting wiring 92 and output terminal 

10 22 is connected to one terminal of IDT electrode 54. 

All the IDT electrodes 51, 52, 53, 54 have 84 pairs and 
the intersecting widths thereof are all 25jim. The number of 
electrode fingers of reflector electrodes 56, 57 is 35, and 
the number of electrode fingers of reflector electrode 67 

15 arranged in the first electrode pattern is 10. Further, IDT 
electrodes 60,61 on the second surface acoustic wave propagation 
path have respectively 73 pairs, 68 pairs. The number of 
electrode fingers of reflector electrode 62 , 63 is 35 , the number 
of electrode fingers of reflector electrode 68 at the center 

20 is 7. "ti" is set to 0 . 5 . A film thickness of electrodes is 
approximately 400nm. 

Furthermore, a ladder- structure having two resonators 
on the second surface acoustic wave propagation path is also 
fabricated. At this time, the number of pairs and the number 

25 of electrode fingers and the like of IDT electrodes and reflector 
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electrodes are set to be same as SAW filter 100 shown in Fig. 
10. 

Fig. 11 is the case in which IDI electrodes 60, 61 on 
the second surface acoustic wave propagation path are made to 
5 be the same phase in SAW filter 100. Fig. 12 is the case in 
which IDT electrodes 60, 61 are made to be reversed phases in 
the same SAW filter 100. Further, Fig. 13 is the case in which 
two ladder- structure resonators are provided on the second 
surface acoustic wave propagation path. In these cases , phases 
10 of two IDT electrodes 51, 52 and phases of two IDT electrodes 
53, 54 are reversed, and phases of two IDT electrodes 52, 53 
are the same. 

As shown in Fig. 13, in the SAW filter having the ladder 
structure by IDT electrodes and reflector electrodes on the 

15 second surface acoustic wave propagation path, insertion loss 
at a C-point in prescribed frequency of a pass band was 1.06dB, 
and insertion loss at a D-point was 1.27dB. On the other hand, 
as shown in Fig. 11, when the phases are same, insertion loss 
at the C-point was 0.98dB and insertion loss at the D-point 

20 was 1.18dB. Further, as shown in Fig. 12, when the phases are 
opposite , insertion loss at the C-point was 1 . OldB , and insertion 
loss at the D-point was 1.23dB. SAW filters experimentally 
manufactured in the embodiment is for AMPS application , in which 
the frequency at the C point is 8 2 5MHz and the frequency at 

25 the D-point is 849MHz. 
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As described above, good results for the characteristic 
as the SAW filter can be obtained. 

Industrial Applicability 
5 The SAW filter according to the invention, when used as 

a filter having a high-attenuation characteristic which 
requires a lot of resonators, allows the chip size to be small 
and useful for a filter in a communication field such as a mobile 
phone, or an image field such as a television. 
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